Combining with our newest CCD times of light minimum of EM Cygni, all 45 available times of light minimum including 7 data with large scatters are compiled and the updated O-C analysis is made. The best- Based on the hypothesis of a K-type third star in literature, light trave-time effect may be a more plausible explanation. However, the low orbital inclination of the third body (∼ 7 • .4) suggests that the hypothetic K-type third star may be captured by EM Cygni. But assuming the spectral contamination from a block of circumbinary material instead of a K-type third star, the third star may be a brown dwarf in case of the coplanar orbit with parent binary.
Introduction
EM Cygni is a typical dwarf novae and classified as the Z Cam type subclass, since the usually regular eruption cycle is occasionally interrupted by irregular fluctuations of brightness with a low-amplitude ∼ 0 m .4 (Downes & Shara , 1993) . Although extensive photometric and spectroscopic studies have shown that EM 1 National Astronomical Observatories/Yunnan Observatory, Chinese Academy of Sciences, P. O. Box 110, 650011 Kunming, P. R. China.
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Cygni is both an eclipsing binary and a double-lined spectroscopic binary (e.g. Mumford & Krzeminski , 1969; Kraft , 1964) , its accurately absolute parameters are still a problem due to the contamination from a K2-5V third star along the line of sight, which is discovered by North et al. (2000) . Robinson (1974) and Stover et al. (1981) suggested its mass ratio is larger than unity. But North et al. (2000) pointed out that the previous works never considered the spectral contamination from a K-type third star, which leads to the radial velocity semiamplitude for the mass donor star is increased from 135 kms −1 to 202 kms −1 , and derived the mass ratio of EM Cygni is less than unity, which solved a problem that the mass transfer in EM Cygni can cause dynamically instability (Stover et al. , 1981) .
All orbital period analysis of EM Cygni have indicated that its orbital period probably is decreasing (Mumford , 1980; Beuermann & Pakull , 1984; Csizmadia et al. , 2008) . But Beuermann & Pakull (1984) and Csizmadia et al. (2008) suggested that its decrease rate was small and not significant. In the updated O-C diagram derived by Csizmadia et al. (2008) , a secular orbital period decrease for EM Cygni cannot be significantly obtained due
to the large scatters of the new 7 eclipse times. Since North et al. (2000) has discovered a K-type third star contributes approximately 16% of the light from the system, a new O-C analysis for EM Cygni is important to verify the previous conclusion.
In this paper, 45 available times of light minimum from 1962 to 2008 are presented in Sect. 2, including a new data from our observation. Sect. 3 deals with the O-C analysis for EM Cygni. Finally, the discussions of the possible mechanisms for orbital period change are made in Sect. 4.
Observation of times of light minimum
A new time of light minimum is obtained from our CCD photometric observations with the PI VersArray 1300B
CCD camera attached to the 2.4-m RC telescope at Gao Meigu (GMG) observational base of Yunnan Observatory in China. It was carried out on November 25, 2008 in white light at 10-s exposure time. Two nearby stars which have the similar brightness in the same viewing field of telescope are chosen as the comparison star and the check star, respectively. All images were reduced by using PHOT (measure magnitudes for a list of stars) of the aperture photometry package of IRAF. Since a small hump locates in the center of eclipse, which is similar to the light curves obtained by Mumford & Krzeminski (1969) and Csizmadia et al. (2008) , we removed this hump firstly and then used a parabolic fitting method to derive a new CCD time of light minimum. Based on the uncertainty of the parabolic fit, the error of our mid-eclipsing timing can be derived as ∼ 0 d .000072.
The large uncertainties in the mid-eclipse timings for the CVs with low inclination suggest that the times of light minimum of EM Cygni in literature obtained by using photoelectric method without given errors, should have lower accuracy. Considering that Beuermann & Pakull (1984) have derived the error of their photoelectric data as 0 d .0006, we arbitrarily adopted the equal errors of 0 d .0006 for the three photoelectric data observed in the similar observation conditions (Mumford , 1980) , and the larger errors of 0 d .001 for the previous data. In addition, Csizmadia et al. (2008) (Stumpff , 1980) . Since the recent 7 eclipse times without given errors observed by Csizmadia et al. (2008) 
Analysis of orbital period change
For matching with the BJDD data we applied, the ephemeris in HJD derived by Beuermann & Pakull (1984) should be converted to BJDD,
which is used to calculate the O-C values of EM Cygni. After linear revision, the new epochs and average orbital period were derived as,
with variance σ 1 = 2 d .8 × 10 −3 . Based on Eq 2, the calculated O-C values are listed in column 6 of Table 1 .
Since the O-C diagram shown in Fig. 1 presents a possible cyclical period change and all the previous orbital period analyses implied that a secular change in orbital period may be presented in EM Cygni, we attempted to use a quadric-plus-sinusoidal ephemeris to fit the data. The weights of data points are calculated from the errors of the mid-eclipse times. The least-square solution leads to
with variance σ 2 = 2 d .0 × 10 −3 , which is almost half of σ 1 . The resulting O-C diagram is shown in Fig. 1 . The F-test used to assess the significance of quadratic and sinusoidal terms in Eq. 3 is suitable (Pringle , 1975) , as long as the form of parameter λ is corrected to be
where n is the number of data. Thus, a calculation gives F(4, 39) = 8.4, which indicates that the fit is significant well above 99% level. However, since the small quadric term in Eq. 3 implies that the quadric ingredient in the O-C diagram of EM Cygni may be not significant, a possible linear-plus-sinusoidal ephemeris for the O-C diagram of EM Cygni is estimated to be
with variance σ 3 = 2 d .5 × 10 −3 , which is larger than σ 2 . In order to describe the significant level of the quadric term in Eq. 3, the parameter λ of F-test describing by a similar formula as Eq. 4,
indicates F(1, 39) = 18.3. This means that the orbital period decrease in EM Cygni is significant well above 99% level. In addition, the reduced χ 2 value for Eq. 3 is calculated to be 1.29 and the time span of the whole data set is more than two complete periods. Thus, this cyclical period variations should be significant. After removing the quadric element in the top panel of Fig. 1 , the cyclical period changes are shown clearly in the middle panel of Fig. 1 . Although the F-tests and the reduced χ 2 all suggest that a significant cyclical period change can be detected in the O-C diagram of EM Cygni, the gaps after 25000 cycles caused by the sparse data may mask a non-sinusoidal modulation. Therefore, the cyclical period change presented in the O-C diagram of EM Cygni may be a quasi-period change with a period of ∼ 17.74(±0.01)yr. According to Eq. 3, the orbital period decrease rate is calculated to be −2.5(±0.3) × 10 −11 s s −1 , which is nearly two orders of magnitude larger than the previous works (e.g. Mumford , 1980; Csizmadia et al. , 2008) .
Discussion

Secular orbital period decrease
The significant orbital period decrease shown in Fig. 1 implies a secular variation of orbital angular moment in EM Cygni. The updated spectroscopic studies indicated that the mass ratio of EM Cygni is less than unity (North et al. , 2000; Welsh et al. , 2007) . This means that the orbital period increase in EM Cygni is expected due to the mass transfer from the mass donor star to the white dwarf. Therefore, an available mechanism causing the observed orbital period decrease in EM Cygni should be considered.
In order to explain the observed period decrease, the decrease rate of orbital period of EM Cygni can be described asṖ whereṖ ml ,Ṗ gr ,Ṗ mt andṖ mb are the orbital period change rates deduced by mass loss, gravitation radiation, mass transfer and magnetic braking, respectively. Since the orbital period of EM Cygni is long enough (P ∼ 6.9h), the gravitation radiation can be neglected (Verbunt & Zwaan , 1981) . If we only discussed the conservative case (i.e.Ṗ ml = 0), then the Eq. 7 can be described aṡ
Although the low orbital inclination of EM Cygni implies that the bright spot at the outer edge of the disk caused by the mass transfer may be invisible in eclipsing light curves (Mumford & Krzeminski , 1969; Mumford , 1980; Stover et al. , 1981) , EM Cygni classified as a Z Cam subtype CV should have a high mass transfer rate, which is almost equal to the critical mass transfer rate (Warner , 1995) . By using the experiential formula (Shafter & Wheeler , 1986) ,
where P and M 1 are the orbital period and mass of white dwarf, respectively, and the updated system parameters of EM Cygni (Welsh et al. , 2007) , the critical mass transfer rateṀ crit for EM Cygni is calculated to be ∼ Tout & Hall (1991) , the magnetic braking effect can be calculated by usinġ
where R A , a andṀ mb are the Alfvén radius of secondary, the separation of the binary and the stellar wind mass loss rate, respectively. Combining the orbital inclination i = 67
• and the orbital elements asini = 1.52 × 10 11 cm for EM Cygni (North et al. , 2000) , we estimated the separation of binary is about 2.37R ⊙ . Then R 2 AṀ mb is derived as 5.1 × 10
Assumption that the Alfvén radius of the K-type secondary is the same as that of the Sun(i.e. ∼ 15R ⊙ ), the mass loss rate caused by the stellar wind is estimated to be 2.3 × 10 −10 M ⊙ yr −1 . Hall (1989) has stated that the binaries with secondaries of later than F5 have cyclical period changes because of a solar-type magnetic activity cycle in the convective shell. As for EM Cygni, a K3-type secondary implies that a solar-type magnetic activity cycle in its convective shell for explaining the observed oscillations in the O-C diagram should be considered (Applegate , 1992; Lanza , 2006) . Although a calculation for EM Cygni has suggested that Applegate's mechanism cannot interpret the observed cyclical period variation, the fact 6 that Applegate's model can be ruled out as a viable explanation does not mean that the hypothesis of period modulations driven by magnetic activity cycles in the secondary has to be discarded (Lanza & Rodonò , 2002; Lanza , 2005 Lanza , , 2006 . Based on the gaps shown in Fig. 1 , a magnetic activity cycles may be a well explanation for the quasi-period change in EM Cygni. However, Lanza (2006) also pointed out that the new improved model they proposed may be faced with a energy balance problem in the case of the secondary components of CVs due to their fast rotations. Moreover, the updated plot of mass ratio vs. secondary component's spectral type as the diagram in Hall (1989) for almost all type of binaries has definitely rules the magnetic activity out as unique cause for a cyclical period variation (Liao & Qian , 2010) . Considering the discovery of the spectrum from a K-type third star (North et al. , 2000) , it is more plausible that the light travel-time effect caused by a perturbations from a tertiary component is used to explain the observed cyclical variation. Since North et al. (2000) has detected the spectrum of a K-type third star in EM Cygni, the hypothesis of a strictly sinusoidal period change in its O-C diagram is expected. The sinusoidal fit presented in Fig. 1 
Quasi-period change
a K-type third star
Based on the calibration of MK spectral types, the mass of a K2-5V star can be estimated to be about 0.67M ⊙ , which implies that the orbital inclination of the third body is very low (i ′ ∼ 7
• .4). And then the distance from the mass center of system is derived as ∼ 6.6AU. In this case, the triple system is odd and the third body may be originated from a straggler, which is captured by EM Cygni in a long time ago and now has the similar systemic velocity to the parent binary (North et al. , 2000) . Moreover, this geometric structure of the triple system supports the prediction that the third star and the CV is at similar distances (North et al. , 2000) .
Assuming the distances of EM Cygni is ∼ 320pc (Beuermann & Pakull , 1984) , the separation from the third star to the parent binary ∼ 9.1AU projected on the sky can be estimated as ∼ 0.03 " , which is far beyond the resolution of the most advanced ground-based telescope. Therefore, this third star is hard to be separated from the parent binary. If this is the truth, then EM Cygni may be an important object for studying the dynamics of capturing a third body, and it is very interested to focus on the future evolution state of the K-type third star and the CV.
a brown dwarf as the third body
Since a K-type third star in EM Cygni suggests an unusual triple system, we can discuss another possible case by assuming the spectral contamination for EM Cygni is not from a K-type third star but from a block of circumbinary material along the line of sight. Thus, the observed cyclical period changes should be caused by a new third body, which may be a brown dwarf with a distance ∼ 8.0AU from the mass center of system shown in the right panel of Fig. 3 , as long as i ′ > 76
• (with a low possibility < 15%). This implies that a brown dwarf as the third body is almost coplanar with EM Cygni and can survive the previous evolution of the common envelope evolution of the parent binary. In this case, EM Cygni hiding a brown dwarf is an important system for further study of the formation and evolution of substellar objects as the dwarf nova Z Cha (Dai & Qian , 2009 ).
Conclusion
A According to the experiential formula (Shafter & Wheeler , 1986) , a critical mass transfer rate of Z Cam-type dwarf nova EM Cygni is estimated to be ∼ 1.2 × 10 −8 M ⊙ yr −1 . Moreover, we first detected a cyclical period change in the O-C diagram of EM Cygni. Both plausible mechanisms that magnetic activity cycles and light travel-time effect are discussed. Although the gaps shown in Fig. 1 indicate that the former mechanism cannot be totally ruled out, the spectrum of a K-type third star detected by North et al. (2000) suggests that the latter one also a possible mechanism. Based on the parameters of the K-type third star, we derived an odd structure of the triple system for EM Cygni with an extremely low orbital inclination of the K-type third star (i
which implies that the K-type third star may have a different origin (is captured by EM Cygni in a certain evolution stage) with parent binary. However, if we assumed that the spectral contamination is not from a K-type third star, but instead from a block of circumbinary material, then the observed cyclical period change suggests that the third body may be a brown dwarf whilst it is nearly coplanar with EM Cygni. We noted that the derived error of our mid-eclipsing timing seems to be underestimated for EM Cygni. This means that the conclusions we have made are just temporary and the more observations are expected. Anyway, EM Cygni is a controversial object and deserves to further observing in a longer base line including photometries and spectroscopies with high precision. Note. + the given uncertainty in literature. * the unknown method used by amateur astronomer.
pe and ccd means the photoelectric and CCD methods used in observations, respectively. References: (1) Mumford & Krzeminski (1969) ; (2) Mumford (1980) ; (3) Beuermann & Pakull (1984) ; (4) Csizmadia et al. (2008) ; (5) This paper.
